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Introduction
Two major iatrogenic methods for cervical ripening in labor induction are (1) mechanical, using a hygroscopic dilator or balloon catheter and (2) pharmacologic, such as transvaginal administration of prostaglandins. Many trials comparing balloon catheters and prostaglandins have shown that the use of balloon catheters is as effective as administration of prostaglandins [1] [2] [3] . A 2012 Cochrane Review [2] reported that compared to pharmacological methods, these mechanical methods are associated with a similar rate of cesarean section and a lower risk of uterine hyperstimulation. The usefulness and safety of the mechanical methods have been demonstrated.
Mechanical methods include insertion of a balloon catheter or placement of a hygroscopic dilator, of which the former is more commonly applied. In fact, balloon catheters were used in the majority of previous trials comparing mechanical and pharmacologic methods [1] [2] [3] [4] [5] [6] [7] [8] . While single and double balloon catheters are used, trials comparing these types have shown no substantial difference in clinical outcomes [3, 9] . The effects of different balloon sizes have also been studied [10, 11] . A trial comparing 30 mL and 60 mL balloons showed no differences in maternal and neonatal outcomes [10] .
Hygroscopic dilators have been reported to be safe and effective in trials comparing them to pharmacologic methods [12, 13] . In fact, dilators are more commonly used for pregnancy termination at early stages than for labor induction at term. We have not found any large-scale trials comparing the use of a hygroscopic dilator and other modalities for labor induction.
In Japan, because the National Health Insurance System does not approve transvaginal administration of prostaglandin E2 and other drugs for labor induction, mechanical methods are applied to induce cervical ripening in all cases. In addition to balloon catheters, hygroscopic dilators are also widely used. This study aimed to compare hygroscopic dilators and balloon catheters to evaluate their efficacy and safety for labor induction.
Materials and methods
This study, which is a retrospective observational study using data from the Successive Pregnancy Birth Registry System of the Japan Society of Obstetrics and Gynecology (JSOG), was conducted after receiving approval from the ethics committee of the Yokohama City University Medical Center. Approximately 280 secondary and tertiary hospitals participate in the JSOG registry system, which contains information on successive deliveries occurring at 22 weeks of gestation or later. Each year, approximately 150,000 cases are entered into the registry system, accounting for approximately 15% of all deliveries in Japan. The data have been anonymized to prevent identification of individuals. Data collected between 2012 and 2014 were used in this study.
The inclusion criteria for participants were nulliparous women who underwent labor induction by mechanical methods of cervical ripening and delivered on or after gestational week 37. The exclusion criteria were non-cephalic presentation of a fetus, multiple pregnancies, and missing data.
Eligible women selected according to the above criteria were divided into 4 groups according to the mechanical method used for cervical ripening: 1) the dilator group, in which only a hygroscopic dilator was used; 2) the balloon < 40 mL group, in which only a < 40 mL balloon catheter was used; 3) the balloon ! 40 mL group, in which only a ! 40 mL balloon catheter was used; and 4) the overlapping group, in which multiple methods were performed in combination. Regardless of the combination or order of mechanical methods, the overlapping group included women who had undergone labor induction with 2 or all of the following 3 devices: a hygroscopic dilator, a < 40 mL balloon catheter, and a ! 40 mL balloon catheter.
The 4 groups were compared by characteristics including use of uterine stimulants, maternal age at delivery, maternal height at delivery (cm), maternal weight at delivery (kg), body mass index (BMI) at delivery, gestational age (week), baby's weight (g), and baby's sex. The primary outcome was the vaginal delivery rate. Secondary outcomes were vaginal instrumental delivery rate, intrapartum hemorrhage, postpartum hemorrhage (PPH), uterine rupture, intrauterine infection (clinical chorioamnionitis), maternal death, low umbilical artery pH (UApH) of < 7.1, low Apgar score (APS) of < 7 at 5 minutes, umbilical cord prolapse, and neonatal death. Intrapartum hemorrhage was defined as blood loss in the 2 hours after delivery, with PPH as blood loss of ! 500 mL in women undergoing vaginal delivery and ! 1000 mL in those undergoing cesarean section.
SPSS Statistics software version 23 (IBM Corp., Armonk, NY, USA) was used for statistical analyses. The characteristics of each group were expressed as mean (±standard deviation [SD]) or frequency (%) and analyzed using analysis of variance and the Tukey or chi-square test.
The primary and secondary outcomes were analyzed using multivariate logistic regression to calculate adjusted OR (AOR), and 95% confidence interval (CI) of the dilator group compared to the other 3 groups. Intrapartum hemorrhage was analyzed using multiple regression analysis to calculate adjusted regression coefficient (β) of the dilator group compared to the other 3 groups. Multivariate analyses were adjusted for maternal height at delivery, maternal weight at delivery, maternal age at delivery, baby's weight, and baby's sex. A significance level (p) of < 0.05 was considered to indicate a significant difference.
Results
The total number of deliveries registered was 562,521. The inclusion criteria were met by 21,688 women; 4325 were excluded, for a final total of 17,363 women (Fig 1) . There were 4650 (26.8%) women in the dilator group, 4103 (23.6%) in the balloon < 40 mL group, 6616 (38.1%) in the balloon ! 40 mL group, and 1994 (11.5%) in the overlapping group. Labor induction was most frequently performed with a ! 40 mL balloon catheter alone. Table 1 shows the maternal, pregnancy, and neonatal characteristics of each group. The rates of concomitant uterine stimulant use were 88.7%, 84.0%, 90.2%, and 92.6%, respectively, exceeding 80% in all groups because the use of hygroscopic dilators or balloon catheters is primarily for cervical ripening and to achieve a favorable Bishop score for successful labor induction. • No data on the use of mechanical methods of cervical ripening: 379
• Maternal height: (no data and outside of a range of 120-200 cm) total 1301
• Maternal weight at delivery: (no data and outside of a range of 25-300 kg) total 2469
• Maternal age at delivery: (no data and outside of a range of 10-60 years: 0) total 25
• Neonatal weight at birth: (no data and outside of a range of 1000-6000 g) total 42
• Volume of intrapartum hemorrhage: (no data and <10 g: 15) total 115
• Apgar score at 5 minutes: no data: 37
• Umbilical artery pH: outside of a range of 6.0-8.0: 214 (Because umbilical artery pH is difficult to measure in some conditions, women without this value were included).
https://doi.org/10.1371/journal.pone.0189665.g001 The volume of intrapartum hemorrhage (mean ± SD) was 573 g (± 469 g) in the dilator group, 628 g (± 454 g) in the balloon < 40 mL group, 604 g (± 441 g) in the balloon ! 40 mL group, and 678 g (± 630 g) in the overlapping group; it was lowest in the dilator group. The frequency of PPH was lowest in the dilator group (32.8% vs 38.8% vs 37.0% vs 38.4%). The frequency of intrauterine infection was not statistically significant different between the dilator group and the balloon < 40 mL or balloon ! 40 mL group, but was statistically significantly higher in the overlapping group. No statistically significant difference was observed in the frequency of uterine rupture. No maternal death occurred in any group.
As for neonatal outcomes, the frequency of low UApH was highest in the balloon ! 40 ml group. Low APS was statistically significantly lower in the dilator group than the balloon <40ml and the balloon ≧40 mL groups. The frequency of neonatal death was statistically significantly higher in the overlapping group than in the other groups. Moreover, despite the lack of a statistically significant difference, the frequency was lower in the dilator group than in the two balloon groups. The incidence of umbilical cord prolapse was low and observed in 6 women, including 2 in the balloon < 40 mL group, 3 in the balloon ! 40 mL group, and 1 in the overlapping group. This condition was observed only in women undergoing labor induction with balloon catheters, while it did not occur in any women in the dilator group.
Discussion
No difference in the vaginal delivery was observed among the dilator, the balloon <40ml and the balloon ! 40 mL groups. Although no trials comparing hygroscopic dilators and balloon catheters directly have been reported, a randomized controlled trial conducted in 2011 comparing balloon catheters and prostaglandin E2 gel (PROBAAT trial) showed that vaginal delivery rates were 77% in women undergoing labor induction with a balloon catheter and 80% in those undergoing labor induction with prostaglandin E2 gel [1] . The rate of 74.6% obtained in the dilator group of our study. Since this study included only nulliparous women, the vaginal delivery rate was slightly lower than that in the aforementioned randomized, controlled trial of multiparous women. However, the rates in reports on labor induction by other mechanical methods ranged from 64.8% to 71% [14] [15] [16] , and they were almost comparable to the rate in our study. The volume of intrapartum hemorrhage was smaller and the frequency of PPH was lower in the dilator group than in the other groups. Neonatal outcomes were favorable, and umbilical cord prolapse did not occur in this group. The volume of intrapartum hemorrhage in the dilator group was significantly smaller and frequency of PPH was also lower than in the other 3 groups. It may be associated with the rate of vaginal instrumental delivery. Vaginal instrumental delivery increases the volume of intrapartum hemorrhage [17] . In this study, because the dilator group had the lowest vaginal instrumental delivery rate, the volume of intrapartum hemorrhage was small and the frequency of PPH was low.
As for neonatal outcomes, the frequency of neonatal death was statistically significantly higher in the overlapping group than in the other groups. Moreover, despite the lack of a statistically significant difference, the frequency was lower in the dilator group than in the two balloon groups. The frequencies of low APS were statistically significantly lower in the dilator group than in the balloon groups. The frequencies of low UApH was highest in the balloon ≧40ml group.
In the balloon <40 and ≧40 mL groups, the instrument delivery rate was higher than that in the dilator group, the amount of intrapartum hemorrhage was increased, and the neonatal prognosis was poor. We speculate that these were because of hyperstimulation caused by concurrent use of a balloon catheter and uterine stimulants [13] . Hyperstimulation might induce a non-reassuring fetal status (NRFS), which causes instrumental delivery. Increased instrumental delivery could increase maternal hemorrhage. This might be based on the guidelines in Japan regarding the concurrent use of cervical ripening agents and uterine stimulants. Concurrent use of a hygroscopic dilator and uterine stimulants is prohibited in Japan; when they are used in combination, the hygroscopic dilator must be removed before administration of uterine stimulants. Balloon catheters may, however, be used in combination with uterine stimulants after 1 hour of catheterization unless cervical ripening is extremely poor [13] . Because of such a rule, hyper-stimulation is likely to occur in using balloon catheters, which may affect the results of this research.
Although we were unable to perform statistical analysis of umbilical cord prolapse because of low frequency, it is noteworthy that this condition occurred only in women undergoing labor induction with balloon catheters. The use of balloon catheters has previously been reported to increase the risk of umbilical cord prolapse [18] [19] [20] [21] . In labor induction with a balloon catheter, because a space is created between the uterine os and the fetal head, Umbilical cord prolapse may be caused without fore-lying and occult prolapse of umbilical cord at the time of insertion. Despite the low frequency, umbilical cord prolapse is a serious complication for neonates and requires attention. According to the results of this study, this complication did not occur in any women in the dilator group. This can be a great advantage for cervical ripening with a hygroscopic dilator.
No difference in the frequency of intrauterine infection was observed between the dilator group and the balloon < 40 mL or balloon ! 40 mL group. Intrauterine infection has been reported as a side effect of all mechanical methods [14, 22, 23] .Use of balloon catheters has been associated with a higher risk of maternal and neonatal infection than administration of prostaglandins, whereas intrauterine infection has been reported to have no impact on maternal or neonatal outcomes [1, 11, 24, 25] . This study showed no difference in the frequency of intrauterine infection between the dilator group and the balloon < 40 mL or balloon ! 40 mL groups, confirming that the mechanical method using a hygroscopic dilator is no more likely to cause infection than that using balloon catheters.
This study has several limitations. First, because it was a retrospective, multicenter study, there is some concern that the induction methods would greatly differ between nulliparous and multiparous women, depending on hospital policies. Thus, since this study included only nulliparous women, no multiparous women were examined. Second, the JSOG registry system includes many pregnant women with missing data. Third, because this system does not provide data on the concurrent use of uterine stimulants in women undergoing labor induction with balloon catheters, the labor duration, and reason for forced delivery (instrumental vaginal delivery or cesarean section), we could not consider these factors. Fourth, because balloon catheters could not be inserted without the uterine os dilated to some extent, there might have been a bias towards the use of a hygroscopic dilator in women with poorer cervical ripening. The results of this observational study need to be validated in large-scale randomized controlled trials comparing hygroscopic dilators and balloon catheters.
Conclusion
This study's findings demonstrated that the vaginal delivery rate for cervical ripening with the hygroscopic dilator was comparable to that for cervical ripening with balloon catheters. Moreover, the number of women undergoing vaginal instrumental delivery was smaller in the dilator group than in the two balloon groups. Furthermore, the volume of intrapartum hemorrhage was smaller and the frequency of PPH was lower in the dilator group than in the other groups. Neonatal outcomes were favorable, and umbilical cord prolapse did not occur in this the dilator group. The mechanical methods of cervical ripening have recently been reevaluated in terms of safety and low cost, and balloon catheters are widely used. However, cervical ripening with a hygroscopic dilator appears to be a safer method.
